A simple, two-layer numerical model of 'the upper tropical ocean has been added to a pre-existing primitive-equation model of a zonally symmetric tropical atmosphere to predict a north-south profile of sea-surface temperature and its relationship t o the atmospheric intertropical convergence zone (ITCZ). With an initially flat temperature profile near the Equator, it is found that a cold equatorial surface progressively develops as a result of upwelling and vertical mixing in the sea. A single ITCZ establishes itself at first over the Equator, but then migrates poleward as the Equator cools; the convergence zone remains single, despite the eventual double surface-temperature maximum. This marked hemispheric asymmetry is in accord with satellite observations.
INTRODUCTION
This paper is a continuation of a study by Pike (1968) involving numerical modeling of the atmospheric ITCZ (intertropical convergence zone) with the primitive equations. It was found in that study that, at least over the sea, the maximum upward motion and precipitation rate associated with the ITCZ occurred at or very near the latitude of maximum surface temperature. I n particular, a notable equatorial surface-temperature minimun seemed to be essential if the ITCZ were to reach an equilibrium location away from the Equator. All these past numerical experiments were conducted with a 10 level two-dimensional atmospheric model with prescribed latitudinal surface-temperature profiles; some further results with this type of work will be discussed in section 2.
Clearly, though, the surface-temperature distribution, especially at sea, is not at all independent of atmospheric factors; the pattern of wind stress on the sea surface will strongly influence the upper ocean current system and its associated horizontal divergence. The resulting field of oceanic vertical motion, in conjunction with the wellknown decrease of temperature with depth in the sea, can produce anomalously cold surface temperatures by means of upwelling. The development of relatively vigorous wind-driven ocean currents in themselves can, of course, induce substantial vertical turbulent mixing that would tend to lower the surface temperature. I n a reverse sense, the direct thermodynamic effect of the surface-temperature pattern on the atmosphere is sure to affect its hydrostatic pressure gradient and the associated wind and wind-stress fields; there is a continuous two-way interaction between air and sea. Seemingly desirable, therefore, is to have the surface temperature a predicted rather than a fixed quantity in any model with a behavior strongly dependent on it. At sea, prediction of surface temperature requires approximation of the Contribution No. 1353 from the University of Miami, Rosenstiel School of Marine and Atrnosphenc Sciences circulation of the upper ocean; in section 3, the structure of a simple, highly parameterized two-layer ocean model is described in detail. This device for surface-temperature prediction has been combined with the previously developed atmospheric model to make a fully interacting two-fluid numerical experiment over 88 days; the interesting results are presented in section 4. It then becomes possible in section 5 to compare the theoretical work with certain published satellite observations of cloud patterns in tropical latitudes.
RESULTS FROM A FORCED ATMOSPHERIC MODEL
As background material to the two-fluid experiment to be presented later, a brief description of the atmospheric part of the theoretical modeling will now be given, followed by two examples of its response to different fixed surface-temperature profiles. Its dynamics and thermodynamics are based on the model of Estoque and Bhumralkar (1969) , with the addition of a moisture continuity equation and the inclusion of convective vertical mixing of moisture and latent heat as described by Estoque (1968) . The air model, being zonally symmetric, is twodimensional in latitude and height; it is based on marching forward in time the two horizontal momentum equations, the thermodynamic equation in terms of potential temperature and an equation of continuity for moisture. Pressures are hydrostatic; the field of vertical motion is computed from that of meridional motion using the steadystate approximation of the mass continuity equation. Both vertical and horizontal mechanical mixing of momentum, heat, and moisture are parameterized as in Estoque and Bhumralkar (loc. cit.) ; but the horizontal diffusivity has been increased to 1O1O cm2/s, the magnitude reported by Murgatroyd (1969) for synoptic scale motions. Vertical convective mixing of these properties is approximated by distributing their vertical fluxes with height in proportion to a buoyant parcel temperature excess, providing both the flux and the excess exist; sufficient care is taken not to
duplicate the vertical advection process. A climatological radiational cooling, variable with height only, is used.
Precipitation is computed as the sum of large-scale condensation, indicated by the moisture equation's prediction of supersaturation, and convective scale condensation, represented as a relative-humidity-dependent condensed fraction of the convective vertical moisture flux.
Spatially, the domain of numerical integrations runs from 34"s to 34'N and from the sea surface to the mean tropical tropopause a t 16.5 km. The horizontal grid spacing is 2" of latitude except poleward of 26' latitude where it is 4". There are 10 grid levels in the vertical, a t 0, 9, 35, 590, 1545, 3171, 5870, 9647, 12,353, and 16,535 m above sea level. Important boundary conditions are : temporally constant values of all properties at the lateral boundaries, correction of the predicted horizontal divergence field to yield zero vertical motion a t both the surface and the tropopause, and-for each of the two cases of this section-a constant imposed sea-surface temperature profile. The time step, forward except for the Coriolis terms which alone are backward-differenced to avoid weak instability, is restricted to one-eighth of an hour to avoid gravity-wave amplification. Advective space differencing is upstream to provide computational stability. Of course, this upstream differencing introduces an artificial kineticenergy sink into the model. In our experiments, however, it is highly correlated with and about half the size of the pressure-gradient source; thus, it never threatens to run down the total kinetic energy, in general agreement with the results of Rosenthal (1970). All other space diff erencing, as for horizontal pressure gradients and the mass divergence, is centered.
The initial wind field is geostrophic, zonal, and nondivergent ; initial temperatures, and therefore pressures, and relative humidities are annual Northern Hemisphere climatological means derived from MIT General Circulation Project data; see Peixoto (1960) and Peixoto and Crisi (1965) .
The following two cases are identical, excepting their fixed surf ace-temperature profiles. Figure 1 shows the initial surface potential temperature profile for case I, in which this temperature is constant within 14' latitude of the Equator, but drops off at higher latitudes. The corresponding ordinary temperature profile, held constant in time, would show a small equatorial minimum about 0.3'C lower than a t latitude 14', as a result of the surfac? pressure having an equatorial minimum. Directly above the potential temperature profile is the 12-day accumulated precipitation profile for this case. There is a sharp peak of 35 cm directly on the Equator, indicating an active equatorial convergence zone. This rate of precipitation corresponds to about 1060 cm/yr, three times the observed amount in the heart of the actual ITCZ at atoll stations like Funafuti; see U.S. Weather Bureau (1959) . However, the actual ITCZ is seldom observed right on the Equator, as will be shown in section 5 on satellite observations. Figure 2 shows the evolution of the 9.6-km vertical motion profile for case I; this altitude is very near the main level of nondivergence. At the initial time, of course, there is no vertical motion at all. One day later, as indicated by the solid line, a transient double updraft has developed at 6's and 6'N. There is thereafter a progressive consolidation of this double feature; by 3 days, as indicated by the dotted .line, a pronounced single updraft is right on the Equator. This single equatorial updraft appears to be very stable, as indicated by the vertical motion profile at 12 days, which is hardly different from that at 3 days. It is supposed that the initial transient double feature is induced by frictional converg gence; the consolidation of it into a single updraft may well be aided by horizontal convergence of eddy heat flux from the two convection zones toward the Equator. Once the single updraft has been established, its apparently great stability against physical and numerical perturbations prevents a breakdown into the double mode; the other cases presented in this article exhibit the same characteristics.
Before going on to case 11, it should be mentioned that the original work by Pike (1968) included an experiment carried out with a fixed surface-temperature profile showing a definite maximum on the Equator. The results were very similar to those for case I, with a verysmall equatorial minimum, indicating that the qualitative structure of the ITCZ is not affected by this kind of temperature-profile change.
I n marked contrast to the above cases is case 11 where the surface-temperature profile has a fixed double maximum off the Equator at 8"s and 8"N and a pronounced minimum on the Equator. cold equatorial upwelling and vertical mixing in the sea; see section 4 for an appropriate experimental example. Directly above the cold-Equator temperature profile is drawn the corresponding 12-day accumulated precipitation profile. A double maximum off the Equator, and directly over the latitudes of warmest surface water, is clearly indicated. Note that a marked hemispheric asymmetry in precipitation has developed, despite the symmetric thermal forcing and other boundary conditions; this asymmetry has plainly been generated internally, probably by truncation error in solving a second-order differential equation for height-averaged pressure by marching, with successive approximations, in latitude from 30's to 30"N. Analytical details of this kind of pressure computation are given by Estoque and Bhumralkar (loc. cit., sec. 4); the finite-diff erence scheme for solving the second-order equation is described in Richtmyer and Morton (1967, sec. 8.5 ). The mean of the two maxima is about 12 cm, corresponding to 365 cm/yr, very close to the actually observed oceanic ITCZ precipitation rate peak.
The vertical motion profiles of case I1 are shown in figure 4 . At 1 day, indicated by the solid line, the 9.6-km profile is very similar to the corresponding one for case I. By 3 days, however, there is no indication of updraft consolidation; in fact, a modest equatorial downdraft is in evidence while the updrafts have moved to be over the warmest surface water. Influenced by the above truncation error, one updraft has become much stronger than the other at 12 days while the equatorial downdraft persists; in this model, the double ITCZ seems t o be a metastable state analogous to a balanced seesaw that is easily tipped into a more stable position with one end, or branch, predominant. It is supposed that the lack of updraft consolidation in case I1 is a result of equatorial surface cooling, which can counteract the effect of horizontal eddy heat-flux convergence. That the dominant updraft formed in the Southern Hemisphere rather than more realistically in the Northern Hemisphere is a numerical accident; one cannot expect small numerical perturbations in a meridional plane model to have precisely the same effect as real asymmetric forcing in a threedimensional atmosphere. The important point is that the model ITCZ prefers, as does the real atmosphere's, a single mode: see Hubert et al. (1969) .
Of the two cases presented, the second (with a marked sea-surface temperature minimum on the Equator) appears to be the more realistic for the open ocean, far from insular or continental influence. The hemispherically symmetric surface-temperature profile for this case was taken from Defant (1961) and is an average of both the Northern Hemisphere and Southern Hemisphere data a t longitude 135OW in the east-central Pacific.
In summary for the forced atmosphere model: experiments with it so far suggest that ITCZ structure is intimately related to the meridional surface temperature profile, at least over the sea. Given hemispherically symmetric conditions at the surface and in the subtropical atmosphere, a single equatorial convergence zone appears to be the equilibrium state unless there is a marked surfacetemperature minimum there, probably caused by oceanic upwelling and vertical mixing. Then, as is usually the case in the real atmosphere, the ITCZ will form several degrees of latitude away from the cold Equator; it may be double, with a branch in each hemisphere, or, as is more likely, it will become single if one of its branches reaches sufficient strength to suppress the other. As no definitive experiments with hemispherically asymmetric surface conditions, etc., have yet been made with this model, there are so far no conclusions regarding the seasonal variability of the actual ITCZ.
THEORETICAL BASIS OF THE SEA MODEL
Our simple ocean model for the prediction of sea-surface temperature approximates the real ocean by assuming an active surface mixed layer of variable depth h overlying an inert lower layer of infinite depth. As in the model of Kraus and Turner (1967) , the real thermocline of finite thickness is replaced by an abrupt decrease in sea temperature from the mixed-layer value T to the lower underlayer value To occurring at depth h. As in the air model, stands for the northward-directed coordinate on a beta plane; time differencing is forward, and space differencing is upstream, as in the air model. No equatorward advection is allowed across the lateral boundaries at latitudes 3 0 ' s and 30'N. All zonal space derivatives are assumed zero. The density p is assumed to be 1 g/cm3; roz and rOy are respectively the northward and westward components of the surface wind stress, computed by the air model. The reduced gravity gt is computed by gt = ga( T-To) ( 
)
where g=980 cm/sz is the standard acceleration of gravity and a, taken as 2.1X10-4 'K-l, is the thermal expansion coefficient of water at 2OoC, zero salinity and one atmosphere pressure. The Coriolis parameter f is assumed to vary linearly with 2. The net downward heat flux a t the sea surface S is obtained by the expression Here, U* is the surface friction velocity computed with respect to water density, QE=5.0 is an empirically determined constant coefficient (derived from Turner 1969) allowing some of the downward-surface turbulent kineticenergy flux to assist the mixing process at the thermocline, and CA= 1.0 X is a similar coefficient representing the part of the mixing process associated with vertical current shear. This value of ( 7; was chosen so that the wind-stress and current-shear contributions to mixing would be of approximately equal magnitude in equatorial latitudes. Note that the surface heat flux S is made to reduce the thermocline mixing in the sense that downward heat flux tends by itself to establish a shallower, and warmer, surface mixed layer. If S should become suEciently large to make E negative, a re-formation of the surface layer a t shallower h is indicated; in this circumstance, there is effectively no mixing of momentum or heat across the thermocline. Therefore, Eis replaced by E* in the momen- [(gy+(gyI'z where ko is an empirical coefficient supposed by Smagorinsky t o be equal to von Kkmhn's constant (0.40) and Ax is the horizontal grid spacing. Note that the horizontal diffusion terms in the momentum and heat equations are conservative of the vertically integrated momentum components puh and pvh and of the vertically integrated enthalpy pcTh, redistributing them only. I n constrast, the "horizontal diffusion" term is dissipative of the integrated potential energy pgh2 because of the negative-definite part in (ah/ax)'; this somewhat unusual term in the continuity equation represents mass mixing by meridional plane eddies at the bottom of the surface layer in analogy to mixing by horizontal plane eddies at the edge of fast currents such as the Gulf Stream; see Stommel (1966, p. 54). Without it, uncontrolled deepening of the surface layer in regions of persistent horizontal convergence would occur in our model, as has been verified by numerical experiment.
RESULTS FROM THE COMBINED AIR-SEA MODEL
It has been possible to combine the air model described in section 2 with the sea model of section 3 to make a fully interacting two-fluid experiment. The 88 days of model time required about 7.5 hr of computer time on the CDC 6600 at the National Center for Atmospheric Research; horizontal grid spacing in the sea was the same as that in the air as was the forward time step-see section 2.
Some time after the completion of this experiment, two deviations from the theory of .section 3 were found in the computer code. First, the pressure-gradient term -(i3/i3s)(gfh) of eq (1) had been represented as -gf (ahlax). Subsequent comparative tests of the sea model running alone, forced by a typical surface stress profile derived from the data of Hellerman (1967), showed only very small differences in the momentum, depth, and temperature 'profiles of the cases with differentiated and undifferentiated 9'. Second, the first coefficient of eq (11) was set equal to 2 rather than 1/2, effectively doubling C. Pike , in conjunction with the other free parameters, seemed to iduence the development of a realistic surface-temperature profile, the initial form of which was identical to that in case I of section 2-see figure 1. Of course, the above depth profile was allowed to vary in time while the above underlayer temperature profile was held constant. The initial surface current was zonal and geostrophic; as its maximum magnitude did not exceed 2 cm/s, much less than what later developed, it is not shown in the following figures. Unfortunately, a computer output tape covering the period of model time 11 through 48 days was lost during the two-fluid experiment. Because of economic considerations, the computation could not be repeated; therefore, the detailed evolution of the model parameters cannot be discussed. However, it will be shown that the major features were changing only slowly at the end of the computation. Figure 5 shows the north-south profiles of zonal surface current, positive westward, a t 49 and 88 days. By far the most important feature is a sharply peaked westward equatorial current; its top value of in figure 5 are two spurious westward currents that developed right at the lateral boundaries; these, too, did not appear in the forced sea model. Further research into the dynamics of two-fluid interaction is needed to explain such unexpected features; they may be influenced by the fluctuating surface wind stress produced in an interacting air-sea model in association with Coriolis effects.
The profiles of meridional surface current in figure 6 are intimately related as effect to the zonal current and to the meridional variation of Coriolis acceleration (beta effect) as cause. In both hemispheres, this acceleration is poleward, and thus divergent, on a westward current centered at the Equator; poleward current components are developed on both sides of the Equator in this case. The surface horizontal divergence has a maximum of about 1.1X s-' right on the Equator; similar magnitudes of convergence occur a t 3's and 3"N. Unfortunately, corrugations similar to those in the zonal current are present in the meridional component as well, as are spurious poleward components a t the lateral boundaries a t 88 days. This latter feature, not shown in the figure, lags behind its zonal counterpart in evolution and is certainly a secondary development produced by the Coriolis acceleration. None of these curiosities appeared in the forced sea model. Figure 7 shows the profiles of surface mixed layer depth a t the initial time and at 49 and 88 days. This profile's development is obviously related to the divergenceconvergence pattern implied by figure 6. Over the first 49 days, tbe mixed layer has become shallower in the equatorial region of horizontal divergence but deeper at higher latitudes where surface convergence is the rule. On and very near the Equator, vigorous entrainment balances the strong divergence with the maximum value of the parameter E, on the Equator, reaching as high as 3 X cm/s; our calculations show that E is relatively small or even negative at 2" or more of latitude off the Equator. Between 49 and 88 days, there is an insidious deepening of the mixed layer at all latitudes; the active equatorial entrainment has not been completely balanced by poleward mass transport. One basic problem is that a meridional plane model cannot include explicitly the mass removal effects of a western boundary current.
Inclusion of a simple sea model in this investigation has as its major objective the prediction of surface temperature; figure 8 presents the results. When comparing this figure with the temperature profiles in section 2, it should be recalled that the units of figure 8 are actual temperature while those of the earlier figures are potential temperature; there is not much difference between the two a t sea level. As expected, the vigorous entrainment on the Equator produces a marked cooling of the sea surface there; this cooling slows down markedly but does not stop completely during the later phase of the computation. The maximum surface temperature is established a t an average position, over both hemispheres, of latitude 8'; and the average depression of temperature from its maximum to the equatorial value is 3°C a t 88 days. I n fact, the 88-day surface-temperature profile predicted by the two-fluid experiment is very similar to the fixed profile of case I1 of the forced air model; see figure 3 . Admittedly, the interacting model does predict more equatorial cooling (an excess lowering of almost 1 O C ) than desired and does not behave very well a t the lateral boundaries, showing unexpected warming there, probably because R, is held constant with latitude. Careful experimental variation of this and the other free parameters, notably k, in the horizontal diffusivity approximation, should improve the situation.
However, the overall performance of our simple model in surface-temperature prediction has satisfactorily revealed the expected equatorial cooling. Since the atmospheric part is sensitive to only one variable of the oceanic part (the temperature), one may expect interesting and realistic developments in the air model. Figure 9 shows the evolution of atmospheric vertical motion at 9.6 km for the two-fluid case. There is no vertical motion initially; but by 1 day, the familiar double updraft a t 6"s and 6"N has developed just as in the forced air cases. This feature merges to a single equatorial updraft by 3 days; so far, the model ITCZ is behaving generally as it did in case I (sec. 2) with a flat surface-temperature profile. By 10 days, the ITCZ shows a tendency to start moving off the Equator; a t this time, equatorial surface cooling is still negligible. Thereafter, as far as may be told from the incomplete computer output, the ITCZ moves slowly but progressively poleward; by the end of the experiment a t 88 days, it has reached 6"N, directly over one of the predicted surface-temperature maxima. Obviously, the ITCZ seems to be closely attached to the local heat source, both sensible and latent, that a warm sea-surface provides.
The gross evolution of the precipitation profile for this case is seen in figure 10 . Over the first 9 days of the experiment, when there is no pronounced dip in surface temperature at the Equator, the heaviest precipitation is centered no more than 2' of latitude away. Over the last 9 days, though, the heaviest rainfall is located with the maximum updraft over one of the well-defined temperature peaks a t 6"N.
It is noteworthy that, as the Equator cools, the model ITCZ does not split into two parts, each one centered over a temperature maximum. Instead, the single equatorial ITCZ at 3 days maintains its identity while moving poleward, by chance toward the north, following the warm water. It appears that the great stability of this well-developed feature prevents any breakdown into a double mode over the limited time of the computation; note that, in case I1 of the forced air model, the intensification of one branch of a double ITCZ was accompanied by weakening of the other branch. The single ITCZ, once formed, seems to be very persistent, regardless of antecedent conditions. Truncation error in the pressure computations probably accounts for the early, small asymmetries which can grow with time. The physically meaningful results accompanying the later, large asymmetries are the single nature of the ITCZ and its location over a relatively warm surface ; the particular hemisphere into which it moved is not significant in this model.
Of course, the differences between hemispheres in the real atmosphere are intimately related to three-dimen- sional effects accompanying the distribution of land and sea. This simple model cannot include such effects but only suggests in a general way what form the zonally averaged ITCZ is likely to take in the presence of irregular perturbations.
COMPARISON OF RESULTS WITH SATELLITE OBSERVATIONS
For brevity, no satellite cloud pictures will be presented here; instead, references will be given to some of the original publications containing relevant photographic or interpretive material.
A word of caution is in order when comparing results from a highly experimental fluid model with observations of the real atmosphere. Since the model is bound to be less complex than reality, its conclusions will always appear to be more straightforward than those drawn from careful and comprehensive direct observations. Probably the best compromise is to consider only those more gross observed features that have obvious counterparts, whether accurately or crudely reproduced, in the model.
It may be fairly assumed that theoretically computed precipitation maxima should be ideally associated with observed total cloudiness maxima, but not vice versa because of nonprecipitating or low-precipitating stratiform clouds. Since our two-fluid model suggests that the equilibrium position of the oceanic ITCZ rainfall peak is a few degrees of latitude away from the Equator, it is encouraging to note that Sadler (1969), using carefully analyzed satellite data for 1965 and 1966, finds that the latitude of maximum cloudiness in the Tropics, averaged over all longitudes and taking an average of winter and summer, is 5"N; see his figure 4. Sadler does not present a sea-surface temperature analysis for the same period as that of his observations, nor does any other published satellite cloudiness study; thus, no direct substantiation of our theoretical findings with respect to the surface temperature pattern is to be had from satellite pictures.
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One may only assume that long-term climatological temperature maps such as those by Defant (1961) are characteristic of much shorter periods, if only in very low latitudes. Kornfield and Hasler (1969) present data comparable to Sadler's, but for the year 1967 and in the form of computer produced time-averaged pictures rather than processed diagrams. The oceanic IT@Z in these photographs clearly stays several degrees of latitude away from the Equator all year in the Pacific and most of the year, except for the late northern winter and early spring, in the Atlantic. I n the Indian Ocean, strong monsoonal influences complicate the situation; but it is suggested from both these and Sadler's data that here the Equator is more hospitable to occasional ITCZ formation than over other seas. Fortunately, Defant's maps do indicate that equatorial cooling is far less pronounced over the Indian Ocean all year and over the Atlantic during the northern winter than it usually is over the eastern and central
Pacific. An off-Equator PTCZ is certainly observed over the western Pacific where the equatorial surface does not show nearly as pronounced a temperature drop in meridional profile as it does farther east; but this feature may be strongly influenced by zonal advection of heat and moisture, from the east, that our two-dimensional model cannot duplicate in its meridional plane.
An interesting note by Hubert et al. (1969) , using a year of satellite data partially overlapping those of Kornfield and Hasler, concludes that a single pronounced ITCZ cloudiness maximum with respect to latitude is much more common than a pronounced double maximum (i.e., that the actual ITCZ is usually hemispherically very asymmetric when off the Equator). This observation applies at sea as well as over land and is implicitly confirmed by the two other sources just discussed; it is tempting to establish some connection between it and our experimental results that a double ITCZ can have an unstable character in that one of its branches can dominate the other as in section 2 (case 11) while a single ITCZ appears to be comparatively stable, on or off the Equator, as in section 2 (case I) and in section 4. For the moment, all that may be said is that these observations do not conflict with our notion that the single ITCZ is the more stable configuration.
SUMMARY
Several experiments with a primitive-equation model of the tropical atmospheric circulation in a meridional plane indicate clearly that the location and structure of the oceanic HTCZ are influenced by the north-south profile of sea-surface temperature. A definite maximum in surface temperature, on or ofl the Equator, encourages atmospheric convergence, upward motion, and active precipitation overhead or nearby. I n the case of a relatively flat profile, the major convergence zone forms over the Equator, just as if there had been a temperature maximum there; in our model, an equatorial temperature depression seems necessary to keep the ITCZ away. Were is good motivation to develop an interacting two-fluid model, including the upper ocean, to predict the surface-temperature profile and its effects on tropical convection. Results from such a model, with an initially flat profile, show the progressive development of a cold Equatior as a result of upwelling and vertical mixing of cold water in the sea. A single ITGZ establishes itself a t first over the Equator but then migrates poleward as the Equator cools; the convergence zone remains single, despite the eventual double surface-temperature maximum. This marked hemispheric asymmetry appears to be of the same type one notices very often in satellite cloud pictures of the oceanic ITGZ.
A numerical integration of the two-fluid model over a period of several years is desirable to investigate the degree of stability of the single off-equatorial PTCZ under the influence of seasonally variable solar heating of the sea.
Of course, hemispheric asymmetries in the real atmosphere and ocean must be influenced primarily by the geographical differences in land and sea distribution between the hemispheres; a meridional plane model such as ours cannot take these factors into account. However, the mere production of experimental asymmetries by this model suggests that the real ones it mimics may be a t least partially generated internally rather than entirely forced by events a t higher latitudes.
Even with the present relatively simple interacting model, almost 8 hr of fast computer time is required for a 3-mo prediction. To compute just one experiment over 3 yr of model time would then require machine time approaching 100 hr, an unacceptable amount to anyone without unlimited access. Simplification of the model is indicated: since the oceanic part is about as basic as can be safely attempted in temperature prediction involving dynamic factors, only the atmospheric part could safely be reduced in complexity. Some decrease in vertical resolution would probably be the least harmful procedure; a three layer primitive-equation air model such as that of Yamasaki (1968) is an attractive possibility.
